mRNA 3'-UTR shortening is a molecular signature of mTORC1 activation.
Mammalian target of rapamycin (mTOR) enhances translation from a subset of messenger RNAs containing distinct 5'-untranslated region (UTR) sequence features. Here we identify 3'-UTR shortening of mRNAs as an additional molecular signature of mTOR activation and show that 3'-UTR shortening enhances the translation of specific mRNAs. Using genetic or chemical modulations of mTOR activity in cells or mouse tissues, we show that cellular mTOR activity is crucial for 3'-UTR shortening. Although long 3'-UTR-containing transcripts minimally contribute to translation, 3-'UTR-shortened transcripts efficiently form polysomes in the mTOR-activated cells, leading to increased protein production. Strikingly, selected E2 and E3 components of ubiquitin ligase complexes are enriched by this mechanism, resulting in elevated levels of protein ubiquitination on mTOR activation. Together, these findings identify a previously uncharacterized role for mTOR in the selective regulation of protein synthesis by modulating 3'-UTR length of mRNAs.